10 and helps recruit downstream protein CHMP4 2,8,10,11 which along with VPS4 catalyzes the 11 fission of the membrane 12, 13 . Using live imaging we have visualized the recruitment of ALIX, 12 CHMP4 and VPS4 during budding of HIV with abrogated Gag-ALIX interactions. Based on the 13 canonical view, we were expecting to find reduced recruitment of ALIX under these conditions. 14 Instead we report observing multiple rounds of transient recruitment of ALIX, CHMP4 and VPS4 15 prior to virion release. We further show that during each, transient recruitment, stoichiometry of 16 all ESCRT components remained the same regardless of mutations abrogating ALIX and Gag 17
interaction. In addition, mutations abrogating interactions between Gag and TSG101 result in 18 recruitment of ESCRTs with a substantial delay while maintaining similar stoichiometry. Our 19 results demonstrate that recruitment of ESCRTs is driven by a robust network of interactions 20 resulting in an "On/Off" switch behavior and ALIX's interactions with late domains of HIV Gag 21 play a crucial role during final catalysis of membrane fission after assembly of the full ESCRT 22 machinery. 23
We visualized the recruitment of ALIX during assembly of individual HIV Gag virus like particles 24 (VLPs) on the basal membrane of HeLa cells stably expressing ALIX-h30-eGFP. ALIX-h30-25 eGFP links ALIX with eGFP through a stiff 30 amino acid super helical linker and is functional 26 with the same efficiency as WT in rescue of PTAP -HIV virion release 14 . To generate 27 fluorescent VLPs for fluorescent microscopy, cells were transfected with plasmids encoding HIV 28
Gag-mCherry under a CMV promoter. Once VLP assembly commenced at the basal 29 membrane, the membrane was imaged with a TIRF penetration depth of 150 nm using 30 consecutive 488 nm and 561 nm illuminations every 15 seconds for 1.5 hours (methods).
31
Individual VLPs were identified and analyzed from their initiation until full assembly which 32 corresponds to a stable fluorescence signal from HIV Gag-mCherry as shown in Figure 1 . Gag with mCherry had no effect on assembly and the observed ALIX recruitment phenotype 50 since similar results were obtained in experiments where VLPs assembled with a mixture of HIV 51
Gag(YP-)-mCherry along with HIV Gag(YP-) as shown in Figure S1 . 52
The intensity of the maximum fluorescent signal is proportional to the number of ALIX-h30-53 eGFP molecules recruited to the sites of virion release. Based on our analysis with the time 54 resolution used in our study there was negligible difference between any transient ALIX 55
recruitments into WT versus YP -VLPs as shown in Figure S2 . To verify that YP -VLPs have 56 released from the host cells and don't remain tethered to the membrane we detached the cells 57 from the glass using incubation in TryplE (Methods). Once the cells were removed the 58 immobilized VLPs were visualized on the glass as shown in Figure S3 . 59 ALIX has a well established biochemical interaction with CHMP4b through its Bro domain [2] [3] [4] 19 .
60
We visualized the recruitment of CHMP4b during the assembly of individual VLPs on the 61 plasma membrane. To visualize this recruitment during HIV Gag VLP assembly, we created a 62 plasmid which expresses human CHMP4b linked to eGFP by a flexible linker at its N-terminus 63 under a ∆CMV promoter (∆CMV-eGFP-flex-CHMP4b). A similar N-terminally tagged CHMP4b 64 has been used before to visualize recruitment of CHMP4b onto the assembling Gag VLPs by 65 other labs
20
. The co-expression of this plasmid had no effect on the release of HIV Gag VLPs 66 as shown in Figure S4 . In addition as shown in Figure S4 , we further characterized this plasmid 67 in infectious HIV release and found a slight decrease in virion release with no effect on 68 infectivity of the released virions (Methods). 69
We visualized the recruitment of CHMP4b during assembly of HIV Gag VLPs on the plasma 70 membrane of HeLa cells co transfected with ∆CMV-eGFP-flex-CHMP4b and HIV Gag-mCherry.
71
Once VLP assembly commenced at the basal membrane, cells were imaged with identical 72 settings to the imaging described above. Transient recruitment of CHMP4b was observed after 73 completion of HIV Gag assembly as shown in Figure 2 shows that the observed stuttering phenotype is present due to critical function of ALIX which is 119 missing in both cells depleted of ALIX as well as in VLPs formed by the YP-mutated HIV Gag. 120
There are two late domain motifs identified in the HIV Gag-p6. PTAP motif has been shown to 121 directly interact with TSG101 and is critical for release of infectious HIV virions from infected 122 cells [21] [22] [23] . We further visualized the recruitment of ALIX into HIV Gag VLPs with both PTAP -
123
which incorporates a ( 7 LIRL 10 ) instead of ( 7 PTAP 10 ) 24 
224

Microscopy data analysis 225
Images from the microscope were stored as TIFF files and analyzed using Matlab software (Mathworks) 248 hours later cells were lysed using britelite plus Reporter Gene Assay (Perkin Elmer) and luminosity was 249 measured using a Cytation 5 microscope, experiments were carried out in triplicate.
250
Statistics 251
All conditions tested in the manuscript contain >20 analyzed virus like particles in the 252 supplementary figures and >40 virus like particles in the main figures. There was no data 253 selection applied to the sample, therefore all data collected from the microscopy was analyzed 254 and plotted in the figures. 255
Availability of data 256
All data and reagents used in this study are available upon request, this includes the ∆CMV-257 eGFP-Flex-CHMP4B plasmid characterized in this study and its sequence which is available 258 upon request and also includes the Matlab code used for analysis of the imaging data. 259
Cell lines 260
The Hela, HEK 293T and U2OS cells were obtained from ITCC. TZM-b1 cells provided by NIH 261 AIDS Reagent Program.
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